The obstructive tissue in
These five fe male patients and three male patients had a mean age of 19.2 years (range 9-26 years). The duration of implantation ranged from 2 years to 10 years. The catheters were gently washed in saline, and placed in 2% glutaraldehyde for 12 hours. The catheters were sectioned along the plane of the long axis, placed on SEM stage posts, and dried with car bon dioxide in a critical-point apparatus. The speci mens were subsequently sputter-coated with gold, and observed by SEM (HITACHI S-800; Hitachi , Ibaraki).
Specimens were obtained from the inner surfaces of the catheters, placed in 2% glutaraldehyde, and then postfixed in buffered 2% osmium tetroxide for 2 hours. The specimens were then dehydrated in a graded alcohol series, and embedded in Epon 812. Ultrathin sections were stained with uranyl acetate and lead citrate, then examined by TEM (HITACHI H-7000; Hitachi). New catheters of the same type were examined as controls.
Results

I. TEM observations
Cells with many microvilli were clustered at the surface of the tissues in the catheters. Cilia were also observed in some places. The nuclei of these cells were flat and heterochromatin was seen at the mar gin of the nucleus. Cytoplasm combined well-devel oped glial filaments and mitochondria ( Fig. 1 upper, middle). Fenestrated capillaries could be identified. These findings suggested that these cells originated from the choroidal plexus. A preponderance of colla gen fibers and many fibroblasts were present in the core of the tissue obstructing the catheters. The fibroblasts had extended endoplasmic reticulum with distended cisternae (Fig. 1 lower) . The tissue ob structing the catheter was composed of reactive glial tissue, mainly identified as choroidal ependyma, and fibroblasts which actively synthesized collagen fibers.
II. SEM observations
All catheters were obstructed by tissue which had filled the lumen in radially arranged layers. The tis sue was present in the lumen adjacent to the inlet fenestration of the catheters (Fig. 2 upper, middle) . Finger-like microvilli were observed on the free sur face of the tissue (Fig. 2 lower) . Peeling of the sili cone was seen on the inner surface of the ventricu lar catheters (Fig. 3 upper) . Many small vessels were observed in the transverse section of the tissue (Fig.  3 lower) . In contrast, the control catheter had a smooth inner surface (Fig. 4) Normal choroidal plexus and ependyma generally contains few glial filaments. Our study found that the glial cells which obstructed the shunt catheters possessed many glial filaments in the cytoplasm, and were different from normal ependyma and nor mal choroidal plexus. Such morphological changes in the obstructing tissue may be the result of an inter action between the silicone ventricular tube and the ependyma. There are three types of cells in the epithelial layer of the human choroid plexus.10) Type 1 cells are cuboidal or columnar and lined the villi, a round nucleus with diffuse chromatin and a clear nucleus occupies the central area of the cell, and numerous club-shaped microvilli occur on the free surface. Type 2 cells are flat cells with many mitochondria filling the cytoplasm, many finger-like microvilli, and a thick basal lamina. Type 3 cells are flat with round or oval nuclei, and diffuse chromatin throughout the nucleus, with less prominent mitochondria, Golgi apparatus, and rough endoplas mic reticulum than in type 1 cells. These three types of cells have tight junctions and basal infolding. Most of the ependyma in the obstructed shunt catheters was similar to type 2 cells, but basal infold ing and tight junctions were rarely seen. The type 2 cells lined connective tissue adjacent to neural tis sue, and the connective tissue was subsequently in serted into the ventricular catheter after the choroid plexus. 
Commentary
Proximal obstruction in ventriculoperitoneal shunts remains the most common cause of failure. The authors present an interesting study in which the ob structive material was studied using scanning and transmission electron microscopy in eight uninfected ventricular catheters.
This study leads to several conclusions:
1) Confirmation with electron microscopy of the corre lation between the site of implantation and the ob structive tissue: Choroid plexus for ventricular catheters implanted into the ventricular body and ependymal tissue for frontal implantation.
2) Presence of obstructive tissue organized in a num ber of levels related with the length of evolution.
3) This material, besides the ependymal and choroid tissue, is represented by reactive tissue with glial cells, collagen, and fibroblasts. The cytoplasm of fibroblasts includes extensive endoplasmic reticulum, suggesting an important secretory activity.
4) The external layer of the ventricular catheter is not preserved, but shows peeling of the silicone surface, suggesting a biological reaction.
5) The reactive formation may progress during the evolution. This article is interesting since it helps to explain some late complications in shunt procedures, indepen dent of the technique of implantation, and may be helpful in the prevention of such obstruction with the use for the future of completely inert material.
